Purpose: The purpose of this study was (1) to determine the prevalence of burnout in orthopaedic surgeons and (2) to determine whether there is an association or correlation between subject-specific variables (age, attending physician, resident, postgraduate year level, gender, number of calls, total hours worked, and total hours of sleep) and burnout. Methods: Surgeons were prospectively enrolled and provided with a validated wearable device. Subject-specific variables were recorded. Participants completed the Maslach Burnout Inventory and Patient-Reported Outcomes Measurement Information System (PROMIS-29) weekly. Burnout and burnout risk were defined. Multivariate analysis and bivariate correlations were used to determine the association and correlation between subject-specific variables and burnout. Residents were compared to attending surgeons. Results: Of the 26 enrolled subjects, 21 (15 males, 6 females; mean age 37.2 AE 10.9) completed the 4-week study. Residents worked significantly more hours per week than attending surgeons (68.5 AE 15.2 versus 49.9 AE 7.5, P ¼ 0.009). Of the orthopaedic surgeons, 6 (28.6%) experienced burnout, and 7 (33.3%) orthopaedic surgeons were at risk for burnout. There was no significant difference in burnout rates between residents and attending surgeons (P > 0.05). The number of overnight calls was significantly correlated with increased burnout (r ¼ 0.435, P ¼ 0.049). Female gender was significantly associated (P ¼ 0.041) and correlated (r ¼ 0.558, P ¼ 0.009) with burnout. There was no significant association with burnout between the number of hours worked and hours of sleep. Conclusions: The rate of burnout was less than 50% among orthopaedic surgeons. The number of overnight calls and female gender are significantly correlated with increased burnout. There was no significant correlation between hours worked and hours of sleep in surgeon burnout. Clinical Relevance: Burnout is an increasingly common problem among orthopaedic surgeons, and it can have significant negative effects on surgeons' health and patients' outcomes. Identifying the predictors of burnout would allow surgeons to address these risk factors and reduce burnout.
Introduction
B urnout is a syndrome that results from high levels of work stress characterized by emotional exhaustion, depersonalization and lack of feelings of personal accomplishment. [1] [2] [3] Work overload, lack of control, insufficient rewards, lack of a sense of community, and lack of fairness are factors that can lead to burnout. 1, 3 As such, this syndrome has a high prevalence in health care workers, and students, nurses, residents, and attending physicians are at higher risk than the general population. [3] [4] [5] Several studies of surgeons and nonsurgeons have found that burnout can occur at a very high rate and is increasing in prevalence; 37.9% of physicians reported burnout in 2011, and 46.9% of physicians experienced burnout in 2014. [6] [7] [8] [9] The prevalence of burnout in orthopaedic surgeons is even higher. Reported burnout rates are as high as 65%. [10] [11] [12] [13] This can lead to significant health risks for surgeons: increased depression, diabetes mellitus, heart disease, metabolic syndrome, myocardial infarction, and suicidal ideation. 9, [13] [14] [15] Burnout can also have a negative effects on patient care, resulting in decreased performance by surgeons and increased rates of medical errors. 16, 17 The Maslach Burnout Inventory (MBI) is a validated 22-item questionnaire that is considered the goldstandard tool for measuring burnout. 3 Previous studies have demonstrated high levels of emotional exhaustion or depersonalization (2 of the 3 MBI dimensions) as the foundation of burnout in physicians. 5, 6, 18, 19 There also appears to be a physiologic component to physician burnout and decreased performance that is associated with increased number of hours worked, number of calls and sleep deprivation (fewer than 7 hours of sleep per night). 6, [20] [21] [22] However, prior studies of orthopaedic surgeons are limited to subjective reporting of sleep hours and are without objective measurements. Additionally, there have been few burnout studies in orthopaedic surgery residents and attending surgeons since the 2003 and 2011 Accreditation Council for Graduate Medical Education work-hour restrictions commenced. 13, [23] [24] [25] Given the incomplete understanding of sleep patterns and burnout following the work-hour restrictions and the increasing interest in physician and patient safety, it is important to understand the effects of sleep on orthopaedic surgeon burnout. 13, 26 The purposes of this study were (1) to determine the prevalence of burnout in orthopaedic surgeons and (2) to determine whether there is an association or correlation between subject-specific variables (age, attending physician, resident, postgraduate year [PGY] level, gender, number of calls, total hours worked, and total hours of sleep) and burnout. The authors hypothesized that (1) there will be less than 50% of subjects with burnout and (2) there would be a strong positive association and correlation between increased number of calls, increased hours worked, and decreased hours of sleep and increased burnout, with no association or correlation between age, attending physician, resident, PGY level, and gender and increased burnout.
Methods
Institutional review board approval was obtained. The study assessed 28 orthopaedic surgery professionals, all from a single academic institution; residents (n ¼ 14) and attending surgeons (n ¼ 14) were assessed for study eligibility between October 2017 and November 2017 ( Fig. 1) . Those participating in the study included 1 PGY-5, 3 PGY-4s, 2 PGY-3s, 3 PGY-2s, and 2 PGY-1s. Of the attending surgeons, 4 were fellowship-trained in orthopaedic sports medicine, 2 were fellowship-trained in hand and upper-extremity surgery, 1 was fellowshiptrained in adult reconstruction, 1 was fellowshiptrained in foot and ankle surgery, and 1 was dual fellowship-trained in spine and oncology. The mean time in practice for attending surgeons was 14.1 AE 9.4 years. All subjects signed informed consents prior to entering the study. Subjects were eligible for inclusion if they were certified by the American Board of Orthopaedic Surgery as attending surgeons or orthopaedic surgery residents from a single academic institution. Subjects were excluded from eligibility if they were not certified by the American Board of Orthopaedic Surgery (attending physicians), not currently a PGY-1 to PGY-5 orthopaedic surgery resident or had not completed the minimum compliance of 4 weeks. The authors were blinded to the individual levels' statistics. All participants were provided with a WHOOP (WHOOP, Boston, MA) wearable device, to be worn at all times during the 4-week study period, that measured data continuously. The WHOOP is a validated device that uses photoplethysmography to measure 5 metrics: heart rate, heart rate variability, ambient temperature, motion and movement, and skin response to measure and analyze a persons' sleep. 27 Sleep was recorded as total sleep based on the WHOOP data. Total sleep was analyzed as mean hours slept per day per week. Sleep deprivation was defined as getting fewer than 7 hours of sleep per day. 22 Demographic information such as age, gender (male/ female) and PGY level (resident) were recorded for all subjects at the beginning of the study. All participants recorded the number of days on call per week at the end of each week. All participants subjectively reported the number of hours worked per day at the end of each week. Work hours were defined as the number of hours spent in the outpatient or inpatient setting participating in patient care. Participants completed the MBI-Human Services Survey and Patient-Reported Outcomes Measurement Information System (PROMIS)-29 version 2.1 weekly for the duration of the study period.
Number of subjects
The MBI is categorized into emotional exhaustion, depersonalization and personal achievement. Burnout was classified as low ( 17 for emotional exhaustion, 5 for depersonalization, ! 40 for personal achievement); moderate (18-29 for emotional exhaustion, 6-11 for depersonalization, 34-39 for personal achievement); or high (! 30 for emotional exhaustion, ! 12 for depersonalization, 33 for personal achievement). 3 A subject was considered to have burnout if he or she had a high (i.e. ! 30 for emotional exhaustion, ! 12 for depersonalization, 33 for personal achievement) score in at least 1 of the 3 MBI domains, and a subject was considered to be at risk for burnout if he or she had a moderate score in at least 1 of the 3 MBI domains. 3, 28, 29 The PROMIS-29 is categorized into 8 subdomains: (1) physical function; (2) anxiety; (3) depression; (4) fatigue; (5) sleep disturbance; (6) ability to participate in social roles and activities; (7) pain interference; and (8) pain intensity. Each PROMIS-29 domain is scored from 0-100; scores > 50 are considered worse than those in the general population for all categories except physical function (< 50 is worse than that in the general population); ability to participate in social roles and activities (< 50 is worse than that in general population); and pain intensity (scored 0-10, with higher scores being worse). 30, 31 Data analysis was performed using SPSS Statistics software, version 20 (IBM, Armonk, NY). The significance of differences in means of continuous variables between 2 groups was determined by the Student t test.
The differences in categorical variables between groups were determined by the c 2 test. Bivariate correlations were determined by Spearman correlation coefficients. Correlation was defined as a perfect negative linear relationship (r, r s ¼ e1:), strong negative linear relationship (r, r s ¼ e0.70), moderate negative relationship (r, r s ¼ e0.50), weak negative linear relationship (r, r s ¼ e0. 30) , no linear relationship (r, r s ¼ 0), weak positive linear relationship (r, r s ¼ þ0.30), moderate positive relationship (r, r s ¼ þ0.50), strong positive linear relationship (r, r s ¼ þ0.70), or perfect positive linear relationship (r, r s ¼ þ1). Residents were compared to attending surgeons. Multivariate linear regression models were built to determine the effects of independent variables (age, attending physician, resident, PGY level, gender, number of calls, total hours worked, and total hours of sleep) on orthopaedic surgeon burnout (MBI and PROMIS-29). Categorical variables were coded as dummy variables (i.e. for gender, 0 represented male and 1 represented female). All P values were reported with significance set at P < 0.05.
Results
Of the 28 subjects assessed for eligibility, 2 subjects declined to participate, and 5 subjects did not complete the minimum WHOOP compliance (4 weeks) and were excluded from analysis. Of the 26 (80.8%) enrolled, 21 (12 residents and 9 attending surgeons) completed the minimum 4-week duration of the study and were included in the final analysis.
Subjects' demographics are shown in Table 1 . Orthopaedic surgeons obtained 6.5 AE 0.8 hours of sleep per night, on average. Of the 21 orthopaedic surgeons, 14 (67.7%) slept fewer than the recommended 7 hours per night. Residents also worked significantly more hours per week than attending surgeons (68.5 AE 15.2 vs 49.9 AE 7.5, P ¼ 0.009). There were no other significant differences in demographics between resident and attending surgeons (P > 0.05).
Six (28.6%) orthopaedic surgeons (33.3% of residents and 22.2% of attending surgeons) experienced burnout, and 7 (33.3%) orthopaedic surgeons (25.0% of residents and 44.4% of attending surgeons) were at risk for burnout. All subjects with burnout or at risk for burnout scored high or moderate, respectively, on the depersonalization domain of the MBI (Table 2) . There was no significant difference in burnout rates between residents and attending surgeons (P > 0.05). Of the subjects, 19 (90.5%) had low, and 2 (9.5%) had moderate levels of emotional exhaustion. Eight (38.1%), 7 (33.3%) and 6 (28.6%) orthopaedic surgeons had low, moderate or high levels of depersonalization, respectively. Twenty (95.2%) and 1 (4.8%) had high and moderate levels of personal achievement, respectively.
A number of study subjects scored worse than the general population on the following PROMIS-29 subscores: 5 (23.8%) for physical function, 5 (23.8%) for anxiety, 4 (19.0%) for depression, 9 (42.9%) for fatigue, 8 (38.1%) for sleep disturbance, 11 (52.4%) for ability to participate in social roles and activities, and 3 (14.3%) for pain interference ( Table 2 ). Residents had significantly worse depression than attending surgeons (45.8 AE 5.0 vs 41.9 AE 1.5, P ¼ 0.035). There were no other significant PROMIS score differences between resident and attending surgeons ( Table 2) .
In multivariate models (Table 3) , female gender had the strongest association with burnout based on the depersonalization score (P ¼ 0.041). Female gender also had the strongest association with depression (P ¼ 0.004) and worse physical function (P ¼ 0.008) based on the PROMIS-29 scores. The number of overnight calls was strongly associated with worse physical function (P ¼ 0.008), depression (P ¼ 0.010) and fatigue (P ¼ 0.014) on the PROMIS-29 score. Greater age was strongly associated with increased pain on the PROMIS-29 score (P ¼ 0.002). There was no significant association between hours worked and hours of sleep with surgeon burnout (P > 0.05).
In bivariate correlation analysis, the number of overnight calls had a weak positive correlation with burnout, as scored by emotional exhaustion (r ¼ 0.435) and a moderate negative correlation with physical functioning (r ¼ 0-0.638) ( Table 4 ). PGY level had a moderate negative correlation with burnout as scored by depersonalization (r ¼ e0.652), a moderate negative correlation with anxiety (r ¼ e0.597) and a strong negative association with pain intensity (r ¼ e0.711). Female gender had a moderate positive correlation with depersonalization (r ¼ 0.558), a moderate negative correlation with physical functioning (r ¼ e0.652) and a moderate positive correlation with depression (r ¼ 0.640) ( Table 4 ). There was no significant correlation between hours worked and hours of sleep with surgeon burnout.
Discussion
The study hypotheses were partially confirmed; 28.6%% of orthopaedic surgeons had burnout, and an additional 33.3% were at risk for burnout. The number of overnight calls was significantly correlated with increased burnout, anxiety, depression, fatigue, and worse physical functioning, and female gender was significantly correlated with burnout, depression and worse physical function. However, there was no significant association between hours worked and hours of sleep with orthopaedic surgeon burnout.
Burnout is a syndrome that consists of emotional exhaustion, depersonalization and lack of personal accomplishment. [1] [2] [3] Previous studies have shown that, compared to other occupations, physicians experience e118 significantly higher burnout rates; burnout rates for orthopaedic surgeons are as high as 65%. 6, [10] [11] [12] [13] 17 High surgeon burnout rates pose significant health and safety risks for surgeons, including increased depression, diabetes mellitus, heart disease, metabolic syndrome, and myocardial infarction. 9, 13, 14 Burnout can also have negative effects on patient care, resulting in decreased surgeon performance and increased rates of medical errors. 16, 17 Because of the detrimental effects of burnout on surgeon and patient health, the Accreditation Council for Graduate Medical Education restricted resident work hours in 2003 and 2011. 24, 25 Since the adoption of the new hour restrictions, several retrospective studies have demonstrated conflicting results regarding improved patient safety and resident welfare. [32] [33] [34] [35] [36] [37] The current study demonstrated that 28.6% of orthopaedic surgeons (33.3% of residents and 22.2% of attending surgeons) experienced burnout, and 33.3% (25.0% of residents and 44.4% of attending surgeons) were at risk of burnout. This burnout rate is significantly lower than that shown in prior studies of orthopaedic surgeons, which showed significantly worse scores for emotional exhaustion, depersonalization and personal achievement compared to the current study. [10] [11] [12] [13] 23 Those studies were conducted prior to the implementation of the current work-hour restrictions; at the time, average work hours for orthopaedic surgeons amounted to as many as 88 hours per week compared to 56 hours per week in the current study. It is conceivable that the work-hour restrictions have been able to reduce the risk of burnout in orthopaedic surgery residents.
Additionally, the studies by Sargent et al. found a positive correlation between increased work hours and depersonalization for residents and faculty. 13, 23 This differs from the current study, in which total hours worked were not significantly associated or correlated with increased burnout.
However, the present study did find that the number of calls was significantly correlated with increased burnout. Balch et al. found similar results in general surgeons. 38 This leads to the conclusion that the quality (overnight vs daytime) of the work hours may be more important than the quantity (total hours worked) with regard to orthopaedic surgeon burnout. The number of calls was also significantly associated with increased anxiety, depression, fatigue, and worse physical functioning on the PROMIS-29 score, further strengthening the argument.
Orthopaedic surgeons in the current study slept an average of 6.5 hours per night, and 67.7% slept fewer than the recommended 7 hours of sleep per night, indicating sleep deprivation. 22 Interestingly, hours of sleep were not significantly associated or correlated with surgeon burnout in the present study. This differs from a prior study by Sargent et al., which found there to be a significant correlation between sleep deprivation and all measures of physician burnout. 13 The discrepancy is likely to be due to the present study having used a validated wearable device to objectively quantify the total amount of sleep per night as compared to using a subjective scale of sleep deprivation. As one would expect, experiencing burnout would likely lead to feeling more sleep deprived, regardless of the actual hours of sleep obtained each night.
Female gender was also significantly associated or correlated with burnout, depression and worse physical function. This is not unexpected; previous studies have demonstrated that female surgeons are more likely to feel fatigued or burned out. 39 Additionally, there is a reported higher rate of dissatisfaction with work-life balance in female surgeons despite working similar hours and taking a similar number of overnight calls compared to their male counterparts. 40 These findings are likely to be due to females' in medicine having higher rates of psychological distress and depression, which have been shown to increase burnout rates. 39, 40 Limitations
There are limitations to this study. It was limited to orthopaedic surgery residents and attending physicians in a single academic institution, leading to a smaller sample size and selection bias. However, the authors tried to limit the bias through strict inclusion and exclusion criteria with 80.8% follow-up. The conclusions, therefore, may not be generalizable to all orthopaedic surgeons and physicians in other subspecialties from different regions because residents and attending surgeons from larger academic institutions tend to experience greater levels of burnout. 13 It is also possible that the surgeons' responses to the MBI and PROMIS-29 were not entirely accurate. Distrust of surveys, fear of retribution or concerns for loss of confidentiality can affect the responses in medical education research. 41 Additionally, we conducted the study for 4 weeks. Therefore, we were probably unable to determine the effects of changes in patient volume, clinic, operating room, rotation (resident), call schedules, and sleep quantity on surgeon burnout over an extended period of time. Inclusion of multiple residents from different rotations and PGY levels as well as attending physicians from different subspecialties attempted to mitigate this. Hours worked were subjectively recorded at the end of each week. Although this eased data collection and increased response rates compared to daily recording, it is subject to recall bias and may lead to over-or underestimation of total hours worked. In order to decrease the subjectivity of sleep quantity seen in previous studies, the WHOOP device was used. Sleep polysomnography is the gold standard for objectively evaluating sleep. However, it is not well suited for longterm monitoring in multiple subjects. As such, the current sleep data are based on photoplethysmography, which has been validated against polysomnography and has shown moderate agreement. 27 Despite validation, the objective sleep measures may differ from data obtained using sleep polysomnography.
Conclusions
The rate of burnout was less than 50% among orthopaedic surgeons. The number of overnight calls and female gender are significantly correlated with increased burnout. There was no significant correlation between hours worked and hours of sleep with surgeon burnout.
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